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Effect of amino acid on the germination and the activity of proteinase.

Amino acid Germination Relative activity (%)
added (10—*M) (%) Acid proteinase Neutral proteinase
None 85 100 100
Glutamic acid 55 125 118
Aspartic acid 80 148 150
Glycine 40 100 100
Alanine 70 125 130
Arginine 70 126 131
Lysine 40 110 120
Histidine 65 130 148
Phenylalanine 15 105 114
Methionine 75 104 109
Cysteine 10 — —

The germination was carried out on 3% sucrose-3% agar (pH 6.5) for 12 hr at 30°C, and

the activities were measured same as in Fig. 3.

#wmi (0.1M. 0.06 M, 0.01 M, 0.006 M) %*#k
FALZEZAH 0.00MAE D> 72DTTNTZIDM
EEEWE, TR X BUMIRFRNET %
RL, EXREHFEBFERNT7 2= VT 7= LT 3

SEED AT A IIRIFRIMIL 22, RBFER 3
I2 AP &3 7>, 72=VT o= A F
F = Lt 10~48% niE MR K. N P&z 7
)PS9 ~50%niEEKkER L, ZNLT



B - IR - KRARR T D A b ge XVI

BAIMMY2 2% $£175 1976 21

D/BIC L DIEMER BRI R ERE L e E 2
w3,

4 E TOMETY 3 Bi—FEREEH TORIFMIC,
TOuT AT —CiEES 1. 7T~1.8 kT %
RBHZDT, T, BFIUH D AP 5L NP %
SRR T2 OMEE % lEs L 72, 5% 0.3~0.7
fafli@i5> DEAE vt)w—24h5 s 7a=}t 75
7 4 —DFER%EFigs. 4, 5IR L 72, ERIEHB 0% L
(Fig. 4), AP 22w T3 2t — 7 (¥ aiais

% 0.01~0.05 M. 0.15M, 0.28 M) »%18 & #1172 °,
BEHIRICHE-> T AP(75 273 3> Nowwwee LIF No
EMEFL-e+-44~53), AP, (/& v & — 7 TLUEIRET
T&%h-72), AP, (No 88~105) » 32, NP iz
DWTHL3 2N —7 (HHALEBEO0.01~0.03
M., 0.18 M, 0.28 M) #1% 5 7z h, & HIRICHE -
T NP, (No 44~53), NP, (LI ##E L % »»
72) NP;(No 88~105) & ¥ 3, R3¥#1EH 4 (Fig.
5) . AP icowTitd b —7 (A ataime

0.22 |
0.20
0.18
E 0.16
_é
© 0.14
=
a 0.12 0.6
2 —
5 0.10 —0.5 ;)
g 0.08 = 042
< = &
0.06 5 19-3 =
o i3
=z °
0.04 —0.2 =
0.02 0.1
Fraction number
Fig. 4
20F »
0-20 AP/
T 0.15F
£
=
©0
s
a
o 0.10F -10.5
> Z
= ~ o4
3 = g
<o 3 H0.3 2
0.05F k! =
]
0.2 é
=
—0.1
i
5

Fraction number

Fig. 5



22 Japanese Journal of Palynology No. 17 1976

Katsumata etc : Biochemical studies on pollen XVI

0.05M. 0.10M. 0.15M, 0.28 M) »*% & tL72%5,

7% W E I fE- ¢ AP;(No 48~58), AP, (No 61
~67). AP5(No 68~74), APi(No 90~100) & ¥
32, NP icowTig3onr—7 (BFHAEREO.
02~0.05M. 0.15 M, 0.28 M) »*1% & ti7zh%, &
g 1= &> T NP7 (No 48~58, LLiEM&ES L % -
72). NP5(No 68~74). NP{(No 90~100) & ¥ 5,

S RIFBOBM Sy —> R T 5 L AP I
SOWTIFEEBEO2ME CICHIHETIFRED
E—7a 1oLyt volc, BE TIEWAREL 3 2
DEe—7hBHLENEIE, NP 2OV TIHIHE T

Twb, F2mitbk & b IFBRAERIC
L0 NP ettt & vz s,
FYTFETHB,

LT DEAE +vw— 22 & 34 EEEHEIC DOV T
PR % BET L 72, & pH oBRERET LR R
AP,

—#o AP B

INLIZDWTIEESER

(Fig. 6), #:# pH i3 AP, AP, APSTIRY

0.20

0.15

0.10

Activity (0.D.at 670nm)

0.05 |

i3 0.18 MIffitic B— 27 (NPy) A bit, H#E Tl
0.15 MHHEIC ki k & % ©— 27 (NPy) %7
NaZ e EhHHELTEY) . —%H 0.05 MihEs &
U 0.28 M AP, NP o it/ <& — > (3L
0.20
T 0.5
g
S 0.10[
Z
0.05
1 L
40 50 60 70

Temperature (C)

Fig.

Residual activity (%)

Fig. 8

7
~T 3.5, AP,

AP, T
TNT6.0 Tho e, HELRENBRERE L

<lx 3.0. NP;, NP5, NPiTix
#E (Fig. 7). Ho#iin)Eix AP, APs, AP{TIZ 50
CEIFEMEICH 2o Blbhiz AP TR 40CTE D
i 3T 45°CTh » 72, PH KEMEERE L 726
# (Fig. 8), se#u{bir o AP 3R EM T&E T, & <
i pH 5.0~7.0 TEKETHB2HT/)VA ) ATIEAH
geEE ). NPyz#ic 7 un VR TEETE I

pH 6.0~8.0 THETH 5%° pH 3.0 Ty Nk



B - TR - KRR B D EALFRFe XVI

B A ALk

N
E

%£17% 1976

23

Y5, FFHD AP, BN TERETE (I
PH 5.0~7.0 TEETH BHT A ) THEEH
TEBIEBOBELNEL <. NPUzmic7un ) fil
TERETELIC pH 6.0~8.0 THETH 2 vl
MTHOREVTRIESDOFEL D) E L v, Lo
MI3TTER Doy AP, NPz 413 F R IC BB S
72, BEENERE L 2R (Fig. 9), AP, NP3
60°CH &M &0 20 Rif %13 L &> 80°C THE4IC ki
L. AP NPUZ 45°Ch 5 M5 202 RiE # 12 1 sd 70
CTREICRIET 5., L1368 o i
DAP NP (2 1IFFBEICBE S L, 310 7o
TAFT—EDHEDBEEEDE N, ki SR &
BEFIEE D BIR %2 BT L 2245 5 (Table 2), Mn2* 3
AP (234 T 36~160% i A w5k L. Cutiz

Table 2. Effects of some metal ions and reagents on the activity of fractionated proteinase.

(%)

Residual activity

100 L

60 |-

40

30 40

50 60

Temperature (C)

Fig. 9

Relative activity (%)

Reagents (10-3M) Matured pollen

Germinated pollen

AP, APy NP, AP} AP, AP AP; NP4 NP;
None 100 100 100 100 100 100 100 100 100
HgCl, 29 89 20 41 65 85 76 72 81
FeCl, 100 88 108 98 91 106 98 89 102
CuSO, 118 110 66 92 94 110 108 57 20
Pb(OAc), 105 94 100 94 91 99 88 100 104
ZnCl, 100 96 130 95 102 121 97 98 101
MnCl, 217 136 78 155 175 150 260 100 102
MgCl, 107 101 100 104 102 115 86 98 91
BaCl, 98 99 85 92 95 89 98 89 100
CaCl, 108 100 91 95 97 93 95 98 102
EDTA 96 100 88 95 93 91 71 85 105
o-Phenanthroline 95 100 78 93 93 91 91 96 91
PCMB 71 91 98 91 85 91 90 88 92
CH,ICOOH 86 82 87 91 88 91 94 92 92
KCN 102 100 70 98 93 104 84 90 85

The activities were measured same as in Fig. 8. Abbreviations were shown in Figs. 4 and 5.
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Summary

Proteinase in the pollen of Pinus densiflora was studied. The results obtained are as follows.

Two different proteinases were present in the crude extracts from the pollen, one having a pH opti-
mum of 3.0 (acid proteinase, AP) and the other of 6.0 (neutral proteinase, NP).

During the germination of the pollen on sucrose-agar medium, both proteinase activities increased with
the lapse of time, furthermore increased by the addition of acidic or basic amino acids or alanine.

By the elution with a linear concentration gragient of sodium chloride from a DEAE-cellulose column,
the crude acid proteinase was separated into AP,, AP, and AP, in the matured pollen, AP, APj; AP,
and AP} in the germinated pollen, and the crude neutral proteinase into three neutral proteinases in
the matured or germinated pollen as shown in Figs. 4 and 5.

The fractionated acid proteinases showed optimum activities at pH 3.0~3.5 and at 40~50°C, and were
stable at the pH range of 5.0~7.0. The fractionated neutral proteinases showed optimum activities at pH
6.0 and at 45°C, and were stable at the pH range of 6.0~8.0. The activities of the fractionated protei-
nases were lost at 70°C within ten minutes in the germinated pollen, at 80°C in the matured pollen.

The enzymatic reactions of fractionated acid proteinases were promoted by Mn?* and those of AP,
AP, and AP; by Cu?* and those of NP, and AP% by Zn?* and that of AP; by Mg?**. Hg?* was
inhibitory for almost all of the proteinases and Cu?" for the neutral proteinases. Sulfhydryl reagents

and chelating reagents had no effect on the activity as shown in Table 2.
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Fig. 1. pH-activity curves of the crude proteinase.

Reaction mixture contained 1 ml of the water extracted enzyme solution and 1 ml of 1% hemoglobin
(@—@®, O——0O) or 2% casein (@-+--+ ® O Q) dissolved in the following 0.1 M buffers: KCI-HCI
buffer (pH 1.0~2.0), citrate-Na,HPO, buffer (pH 2.5~5.5), phosphate buffer (pH 6.0~7.0), and NH,OH-
NH,Cl buffer (pH 8.0~9.0). The experiments were carried out at 40°C for 30 min. The germination was

carried out as shown in Table 1.

: : } Matured pollen proteinase

o S } Germinated pollen proteinase

Fig. 2. Temperature-activity curves of the crude proteinase.

Reaction mixture contained 1 ml of the water extracted enzyme solution which was diluted with equal
vol. of distilled water for acid proteinase, and 1 ml of 1% hemoglobin in 0.1 M citrate-Na,HPO, buffer (pH
3.0) for acid proteinase or 2% casein in 0.1 M phosphate buffer (pH 6.5) for neutral proteinase. The activi-
ties were measured after 30 min incubation.

@® —@ Acid proteinase }
® @® Neutral proteinase Matured pollen

O——0O Acid proteinase

O)ssmnns O Neutral proteinase } Germinated pollen

Fig. 3. Activity of proteinase during the germination of the pollen of Pinus densiflora.
Reaction mixture was same as in Fig. 2 except the enzyme solution extracted with 0.1 M phosphate
buffer (pH 7.0) was used, and the activities were measured after 30 min incubation at pH 3.0 for acid

proteinase or at pH 6.5 for neutral proteinase at 40 C.
@ —@ Acid proteinase of the germinated pollen on 3% agar medium

A——A Acid proteinase of the germinated pollen on 3% sucrose-3% agar medium
® @ Neutral proteinase of the germinated pollen on 3% agar medium

L A Neutral proteinase of the germinated pollen on 3% sucrose-3% agar medium
Fig. 4. Chromatography of the matured pollen proteinase on DEAE-cellulose.

Dialyzed ammonium sulfate fraction from the matured pollen was placed on a DEAE-cellulose column
(1.8 X 28cm) equilibrated with 0.01 M phosphate buffer (pH 7.0), and eluted with 100 ml of the same
buffer, then eluted by a linear concentration gradient of NaCl at a flow rate of 0.3 g/min, collecting 5g
fractions. The mixing chamber and reservoir contained 250 ml of the above-mentioned buffer and 250 ml
of the same buffer with 0.5 M NaCl, respectively. The activities were measured same as in Fig. 3.

@® @ Acid proteinase
O——0O Neutral proteinase
------------ Protein concentration

NaCl concentration

Fig. 5. Chromatography of the germinated pollen proteinase on DEAE-cellulose.
All prorcedures and symbols were same as in Fig. 4.

Fig. 6. pH-activity curves of the fractionated proteinase.
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Reaction mixture contained 1 ml of the fractionated proteinase solution in which AP, fraction was dilu-
ted with equal vol. of distilled water and 1 ml of 1% hemoglobin (pH 2.5~5.0) or 2% casein (pH 6.0~7.0),
and the activities were measured after 60 min incubation at 40°C.

@ —@® AP, and NP,
A—A AP; and NP,
O——0O AP} and NP,
L—NA AP

O0——0O APjand NP;
Q- O AP; and NP}

Fig. 7. Temperature-activity curves of the fractionated proteinase.

Abbreviations were shown in Figs. 4 and 5, and so on.

The enzyme solutions used were same as in Fig. 6, and the activities were measured after 60 min incu-

bation at pH 3.0 for acid proteinase or pH 6.5 for neutral proteinase.

*¢—8 A%, O—0 AP}
A—A AP, Matured pollen
NE A—A AP
e C—C AP ,
Germinated pollen
OO AP,
VAR A NP;
[resane 0 NP,

Fig. 8. pH-stability curves of the fractionated proteinase.
The residual activities were measured same as in Fig. 3 except incubation time was 60 min. See the text
for experimental details.

: ______ : ﬁg;} Matured pollen 8 ______ 8 QPP:} Germinated pollen

Fig. 9. Thermal stability of the fractionated proteinase.

Symbols were same as in Fig. 8, and the residual activities were measured same as in Fig. 8. See the

text for experimental details.
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